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(54) DRIVE SYSTEM OF AC MOTOR 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a control algorithm which instantaneously 
detects the position of the magnetic pole within a motor, including its polarity. 
SOLUTION: This drive system gives a feeble change to the voJtage command on 
the do axis which is the predicted magnetic pole axis of a motor 3 and consequently 
discriminates the polarity of the magnetic pole axis, utilizing the difference between 
the periods, when the current pulsation components become positive and the 
period, when they become negative, or the difference in the rate of current change 
between the positive side and the negative side. Moreover, this adds feeble changes 
to the command to both of the dc axis and the qc axis orthogonal to it, and directly 
predicts the position of the magnetic pole of the motor from the pulsation 
components of the current on each axis. There is no need to separately provide the 
period for discriminating the polarity of the magnetic pole, and this can shorten the 
period from power-on to start-up and can realize high-speed start of the motor, 
and can realize high- speed prediction of the magnetic pole position. 
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[0 0 6 9] mi lit, fS4(ommmm<Dmi^^^-r. 
mMts\zi5\,^x\hi<Dmm^mr)m^T^^^. :i<Dm. 
'pt£< t^mmis&.miz, m\±m&A^^Tvxh^^'Zs 
ffi&^o m^<D^'o\z. nm%t^(byu<Dmmf}^^=¥^\z 

^. iimmz^^m^^^mx'^^^oiztii>. 
CO 0 7 0] 'A\z:^mM<D^5<Dmmmmiz-Di.^xmm 
-r-5. iii~4©*Mj^^«. mm<Dm^mm^iE>zf\z 
mm&:mm^^m^izmm'r^h(Dx$>o. ^mmf^ 
ommm\zit.m9J}X$>^. $mmm(D^^m^ 
mmmmmmx^t. isi^^^rmmumm^miimiivx 

[0 0 7 1] -rut:>^. m 5 <r>mmi&mx\tmmmo:)M 
izni^xm-^mt^^^. mtmwim\zmn^mm.^i 

i^zsizm'mmmmwzm-^^. miBm«i«i*iS5©isffi 

[0 0 7 2] 0i2tt. fH5<D^mmm<Di^x^i.m^ 
mx'$>^, msiSm ~ioRtfi2. mt, si^-s^^^ 

mm3mmmm(D^mmmmx'$,?>) . mm^mm^ 
mmi^mmmm><D^m^^X'$>^, 
[0 0 7 3] nmmm5izi5{,^xit. z.n^x(Dmmm 

:^\zmwi-x^-^^. z.(Df^m. idc. i(\c<r>m:^(Dmm\z 
mmt>m±-ri>. mm^mm^miDx-it. ucutbu^iz 

[0 0 7 4] 0 1 3 IC. a@{4S«l^g§llDro«fiK*S^ 

a&-5. iSgfi[M«l«SiiD«. iSSeg(c«04tcfetts 

Sttii^gg*. dc. qc©&W«S^^«fCSltfct><DT* 
[0 0 7 5] 014tC. PFd. ?¥qi:mm^<Dm^^^^ 



h;P*fflliT*-r. dcqc$*i;dqiSd«0©li«^fca&?.« 

a®i::jfit'^l4;^r6]'N.PFdiPFq«a{t:-r'5. c<^fc 

Sb. PFdtilE, ?Yq\t.M<Dm.iZU^o «fccT. ;i<Di^-&. 
[0 0 7 6] CKDi^tLT. PFd, ;^ce)t;tCFFq©^J^ 

m.w.^wi^%m^p^W'\z\t. mi stcs^-rpFd. PFq 
[0 0 7 7] \iK±.(D^o\z. :^mmw,5(Dmmmm\z 

[0 0 7 8] :^{r*^BJ®^6®SISg}^li(roi/^TiiBJ 

u:/;p»j^wiE. ^cnmm^vcmi^. mukm^^no^ 
nwit®i^jaiHigs*t'i:>^(r7^£-5 1 p«^s*^* i; 

[0 0 7 9] ^6 0*igJ^MT'tt. dcSaii:qca<D2 0W 

dc, qc«i±T«aiiL, sfiij^tifcSSttc^^nsiiiidEe 

RBRIftfiltiJ-WiEfiiJ, ftfiiJtr^J-lilLT 
[0080] 016 (C, m6 ®^IMJ^!iOSSSfi:ffi«^ 

sgiiE$*-r. scas^io. is, 19, 20, 2i«, 0 6tc 

#-^25«. 0 1 3(D*><??<*:|^— «fc<Dtr$.-5. gBiS#-^ 

[0 0 8 1] 017 i3&gKoi()f^iS}^**-r. m 6 <o* 

mmmx'\t. y'-^i^i$'j\^Mm^mm\zvx^r)^ mmi^ 

•5. «/jNm#vhC<fcO. Idc, IqctCtt, (b) , (d) 

mtm<oii&isimmwf>mt>n (c) , (e) , ??^«^ 

<t<omff7SifTt>n. APFd. ;^i^>t^tCAPFqOifiJg*t^e. 

(g) . (i) , CCT. APFd;feez/{CAPFq©sp 
J^SISS:¥i^M?t^Si26TfT^\ ^»^mid(0 2fg^ 
»iThsT-. (h) . (j) (D^oU^^ S.>'^X'miJ-r 
■5. 

[0 0 8 2] 5p^tttai¥Si26®tB:^PFd, PFqCD^^t* 
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m-A^iz^<U^. E19<75J;5(C* 

^m^mM^(DW&-t^:^{^iiZ}Bi-^< ZLUzu^. 

[0 0 8 3] 'Aiz^?tm<r>m7 (Dmmmmiz'oi^^xwim 

0, ^mmo^-^izmm-t^izit&.T(r)mmA^$>?><, 

^mmiZiit,^Xit, ^ (5) {C:S^f<fc^tC. IftKMAe 

icmtQcm<omiz^wmti^wtE-ri>, j:o 

[ 0 0 8 4 ] » 7 ® JIJSJKSgTtt, c:wpgB*«f9tb. 

- t) jgffl T' ^ S JS11fi:B«^^ffi ffi«t- 

[0085] ^20 ten 7 <Dmmmm^zJi^m^m^^ 

^S13F. BSSfiCBffl^eigllFSr^T. z:tl«, 01 2C 
^ 1 3 ^ ]^@«l:eii^gg 11 D <£: IS # 

[0 0 8 6] ^2 0{C*5^iT, gfiSS-^lO, 16. 18. 1 

9. 20. 21, 25«. ;insT©jisgjgjifc:feitsigi;# 

A;b(^¥l^ffi^}«^-r-£.¥i§M?«S^26F^. a@fi:B 
«I^S§13FtC«;&}^ft©/i;PX<&^^-r'5i' D ^^{f 
ig27. i7 0'yi7fgii^27®ai;>3S-§ltT. ;&}^Jg[*3?Sfe 

S:^'^>^29. &t/t;^;'^>^'29(Dai;^J<f^tcj$:i;T. A 

[0 0 8 7] 021 CKjf^gEJg^S^-r, ^7 a yif^mm 

■r-5. ;^J^?S^^g§28T-fi. i'D->^:7m^^2:a-^L. 

i7m^\t.. *'i7>^29tC*3(/iT4ii-^$n. ;^'f-y5^30 

2^aymi)^i<^m-t\z\txti^m(D rij fine. o««^ 

« roj fill's i^OM;^ -5. 

[0 0 8 8] a/h«JEfESfeSwm:^jtt. (a) is.<bmz 
(d) ©i^TitiSJ^tc^tO. i^;^W(Cdc$fitqcW<Dai:f7 

[0 0 8 9] isei^@«£giiFT». ^Q<D^mmm 
\zi5\f^mm^mm^m\\Etmmm<r>m^^n'5. \ 

dc, lqc(0^{t^*. ^tX-€^n}?^li^S2<&ffll.iTiEM 



(b) itce)mc (e) *ildc. IqcroJS[Jg-e$)0. s 
^WtCtiEl 7 tfel^lCAPFd. ^£e>tXlCAPFq©jgc}gdi 

t/^T«#U, PFd. PFqif-S. CI dT'CD^i^MiR^ti. 
TidC5 8^»!5J-0¥i^ffl[7!|tigJStfj:S. i:©J;-5fcLT 
#e>nfcPFd. PFqlcSo'tiX. ffiSafiaS?^S25t:feV> 

[0 0 9 0] }iK±<Diio\z. :^%mmm\z^^mm^m. 
[0 0 9 1] :k\z:^^m<j)f^s(DMm^m\z-D\,^xmm 

-rs. m5*^^^7{rM-5*SSJ^II»rJ:n«. laSffitig 
«I^IlF«g<DPFd, PFq®?3F-^^fflt,i-l>^:tT. SS^fiB* 

m 8 (O'^mmmz^ms.. A 9 s^ies**?)^ c hiimm. 

\zt^^. 

[0 0 9 2] -r/j:*^-^. Sli®J^ffi6*fclS7^||Jg-r'2> 
^. WIBdc. qcii±T(D«SitMi!)fiK^©^^b^-eib-5 A 
Idcp (dcttmMCMWl^^J-roiEfiiJro^iiiE^ft^) . Aid 
cn (dcWmr(g®MS!)fi£^^-<DftfiiJ<D«gfit^jt^) . Alqcp 

(.(icmnm.<nmm^6^<r>iEm<Dm.m.Mitm . Aiqcn 
(qcttmiS©Mi(ifiE^)-©ftfflij©mgit^{b^) \zn\^x. 

ttfBdc, qctt(Dma^|fi:ffieci:. WiBSi&tSl^gRWJK 

1Sfflfi1§£» tcDW^MA 0 (=6>c-ei) «^ODS?; 
(10) tCj:0tS»-r-5C^:X*:RT'^^. 
[0 0 9 3] 022 (^^SS^^i 8 lC:^(t-&fiS@&B3i[@ 

^(Dm^mx$>^. m.m^m.^nm2^G^. 013. 1 

6. 2Q\zii»:bmm^mm.%m2i<j^Rt)^\zm^^^, 

I3=^5tegg20. -•3©A;'3X. YtcMLT. iSSJES (7 

l§31S:^ltTI/i€.. 
[0 0 9 4] PFd. PFqtJ. 0 1 9 O^i? h;U0lCf^^$ 

(9) iir)7—^i'>'Jji.>Y'^m.n\^X^vb^z.iiiii 

[0 0 9 5] 
[|»1 0] 

-PF 

Ae = tan-' 3. ... (9) 

[0 0 9 6] Sfc. «8gUy;i'*ffltiT*3S-r-5t. 

(10) 0<J:5fC^-S. 
[0 0 9 7] 

[Sfcl 1] 



Ae - tan"' 
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- (10) 



[0 0 9 8] S; (9) . (10) tCt3l.»Ttt, ^ 

[0 0 9 9] &L±. m 8 (ommmm^ m^^^z-iix. # 
[0 10 0] 'Aiz^^BM(D^9(Dmmmmiz-D\,^xm.m 

[0 10 1] L*^L?^j:*te., *fSOSilj«lr*3ViTtt> 

[0 10 2] m9(Diisg}^Mj-*5t,iT«, ^yy^^y 

[0 10 3] 0 2 3«M9®*JE}^liCJ:S?8ffifiglt 

^ggT^^S. il@fi:B}t^tgllHa. 0 16^ 

02 OcD^^tJOtCfflVi^, gPia#-^10> 18. 19, 2K 2 

[0 10 4] 02 4«tf)f^^a<£UiBj-r^fccD-e. dc 

0fC*3t,iT. Lmdcp«. dcW<&gStl^.mSit'J li/^l'roiEfiiJ 
<^mSit^^b^*^e>'f >iS';5'^'>X<£:*J6fet)0. Lmdcn 

ttdcii® u :/;i'«sg«>^ffiJ®^{b**^5'f y^i^ ^ yT. 

[0 10 5] 0 2 4©'<i> h;P0Sr^n{f*3*^-5ip 
\Z, SffitC*5ttS-f ^^J^i'^VXtt. *^VS5J8^(7)# 

[0 10 6] -f >yi7 5'>Xi:S8ii^{b^®||^tt, 
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(11) ^fcttSC (12) tu^, 
CO 1 0 7] 
[S:l 2] 

lS.v ...„« 

[0 10 8] 
[Si 3] 

L = | ... (,2, 
dt 

[0 10 9] ns.^ii^-^X'&n\t. -r >yi'i5'>x« 

«Sit^{b*®iS»^(cit«aj-r^ci(c;^£^o .t-pT, SIS 

jSft^iSg:gi33(C*3l.iT}gmL. ^(Offl^Lmdc. Lmqc 

[Olio] 0 2 5 (C#?FB(Df!;f^jS}g€rS^-ro 0lt:}3t.> 
ftlsbX$>?>. APFd. APFqSrtHtL. ^6®^ 

isj^^ (016. 17) tmmizvxmm^m^mmT^. 

(13) 

[0 1 1 11 
[Stl 4] 



Ae°tan-' ^ ssai (13) 

L-L 

[0112] /j:*5. 023 (Dmmm:mmwm2iG<ni^fj 

*it. ll7(7D^|JgJg^»C*l@SS(4gJi^g§llH^ 

iiffl-rs^:<i:fcpitgTab^. ii(±. m9<r)mmmm^m 

[0 113] :;*:(c*^?qccimiowjligj^^.(c-s>tiTlftBj 
f-s, z.n^xo)mmmmx'it. ©/hsm^^sgotb* 

b, mSitU :?';KO^'fb**^e.«Effi<Offitt«l«. 

[0 1 14] mio(r)mmj^m\t. :ini^<Dmm^m^t 
i>mmmmm^m^mm-r^. 02 6fc->x5^A«fig0 
*5^-r. spas#i~io, HE. 12. 13, 2Ui. dtis-e 

>illSS32«. ZfJl Alic, A\(\c<D±^^izm-::i 
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m u ■y)u<D±^^ itmt b . s \zmm^ < mm. u ■:f)i'^ 
[0 115} z.(Dmm. ^<D^ot£m^^mw\t(Dmm 

[0 116] sfc. t-c\zm.mvrz^2<Dmmmmiz^ 
mmm\zi5^^T^. +mj.mm&^tm^m^fzi!t>\z, ^ 

^ S ^ S Kji^ST ^ CI i « pJtgt? a& ^ , 
[0 117] ;*:Jc*f!?«cDBii®||jfi}eJi(r-3UTIK?« 

-fyj-i—^2it. PWM^^g§9®tH:tl-r-5/'^;i'X(C<i;:3 

x+^m<mm-^tiT^^^, -is. mmm^\zm^^^m. 

[0 118] *fSI8f'<fc-5llll©*i6}^litCj;tl«> z: 
H A ^ U T ro±T © e - ^MSil W i d L . 

[0 1191 ^^(Dmmm^<Dmiiamm\^/vi7. 

^mizr^^Tzif). msitU:/;ndc«02 7©j;5tr. 

if^. mm<o^oizE.Mm^yUT<D±T<D\^—i^ii-r 

^z.iix\ mmmtm(Dm^m^f}^u^^^i^m-t^:i 

t>■^^^. mmm^iZ'ji-mAmmmtmit, m^mti. 
xmwx^^o j;oT, mii«)*iifij^^cj:ntf. pwm 

[0 12 0] •Aiz:^^m<Df^i2<Dmmjf^m\z-z><.^x. m 
2 8Sfflt>T^?^f -5. c:ti*-t?©*ig}gffi©tf M 

1. a8 75:t*) . 

[0 12 1] mi2®ilJSJ^iiTtt. 0c*«iE-r-5f^fc 

^iz. m^^m'A^^miE-r^ctx, dc^9\z—wi 

■rs. C(Z5«^, yn.yi/ 7(Da^J-ig<DA;^*<mS!)«8i^ 



[0 12 2] 

[^g^cDjssm] :^mm<D^mmmmmW}zyxv-Aizj:n 
fc»^€r, Wffi«i)ittlF«ggp©jsffi©ffitt*fai*C!|NjsijT- 

[0 12 3] ^fc. croStt*fJSiJi3SfTLT. 

u^. m^nm^Tm\zm'i^mf£^it(Dmm=&&^^z. 
tx. mm^mmmz^vmmi^mm^mur^^tTbi 

[0 12 4] :^^m<D^mmmmmmiy:^7-M>iz^n 

it. dcmtz.n\zm.^-t^<icm±<Dmf£^^izKti.xm 

m(Dmmm?^vzm-:^<.^xmmum^mM-r^(Dx\ mm 
m<D^mzj:^m.m^ii-<Dmt^mmiyX^^^titb, m 
momii^-^ibtzmm^mm^-fi^'^mizu^, 
[0 12 5] a&^(/i(i. mtmm^^ommmtmizm 
-rsMisctbT, mmmw^^m^^xf^w^n'^^t 
X. mmmizmw}m<Dmmiiiit<DmmmAdim.mms- 

X^^J;:o\zt£^(DX\ fflWj:T;i':J'JXACJ;-5J8ffi 

&m.(Di^m^'osmiztj.^, 

[0 12 6] sfc. mmmmmwjm»<DiEMmm<Dmm 
mtm^zML'X. ^n^<Dm^^m.wv. mwjm<D-(> 

if^9y7.(D^it\zm-^<mm^mm-&^noz.ii^x 

[HI] *:^?«0^1©*ifi}gSifCJ:S>'X5^A«lfig 

So 

[02] mM'^^iEv<m^\^x\^^^m'^<Dm.m.mat. 
mm^i f)v<nm%^7P.Tm. 
[H3] fis@fs?&i8o«-rnTi6^bTi/iSJS^©iS» 

[0 4] mi©3IMJ^ffitcJ;^ffittit^^®«figE. 
[0 5] mi ®*J£JgJUr j;Sffi14«^Si©»f^ig^}g^ 

*-r0o 

[0 61 *^l^©m2®*SS}^^tcJ;Sffittit^|g©«l 
^0. 

[0 7] m2(D^mmmzji^mmm^^<owif^Wii^t: 
*-r0= 

[0 8] :^mm(Dm3(D^mmm\zj^^miimmm(om 
^0. 

[0 9] m3(D||M^li(c^-&aS«i:sm^3§(0«le£ 

0. 

[010] (Dmmmmnzj:^mm&:m • 

[011] *fgM«)m4©ilJg}gli(cJ:Si6f^j6}g«:* 

•r0. 

[012] :i^%m<r>f&5(Dmmmmizjz^>':^^Am^ 



(12) 



<ttM2 002-78392 



[01 31 ^5<D^mmm\zx^mmiSLsm^^<Dm^ 

[015] m5<Dmmmmizj^^mm&m<om.WTm^^ 
[016] ^9^BM<Dm6(ommmmizj^^mim&mm& 



mi 7] m6<ommmm\z^:s,mmmmmm?S(DW}f^ 
[018] m6(Dmmmmiz^^mm^itm<D:k^^^ 
[019] ^&(nMmmm\zii^mm^mm.^^(omif^ 

[02 0] *^Hj<D^7(D*Sfi}^^(Cj;^«/h«£E%^ 
[0 2 2] *fi!l«©^8©SISS}^^tCJ;«.«ffifi!:®«» 



[02 3] ifm^<r>mQ<r>nmmmi\zj^^m.mm.mm'& 

[02 4] ll9<D^iSJ^^tCj;^-1'>^^i'^'>X©^<t: 

[02 5] m9«*JlJ^ffitC<t2.i/lf^2SJg^S%-r0, 
[0 2 6] *^?Bwmi 1 ©Hifije^ti^v-XT^Ai^ 
^0. 

[02 7] 2<nmm^m\z^^W}V^^^t 

0. 

[0 2 8] *^?g«mi 3®SIMJ^^fCJ:^>'X7^Atti 



U lie, IID, HE, IIF, llH-ilffifieit^S, 1 

2-miEf-i>. 13, \z¥-m>hm)£%^m. u. ub 

-ffittit^gg, 25, 25G-Mfi:gig3¥Si. 
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